The number of physicians engaged in basic sciences and teaching is sharply decreasing in Japan. To alleviate this shortage, central government has increased the quota of medical students entering the field. This study investigated medical students' interest in basic sciences in efforts to recruit talent. A questionnaire distributed to 501 medical students in years 2 to 6 of Juntendo University School of Medicine inquired about sex, grade, interest in basic sciences, interest in research, career path as a basic science physician, faculties' efforts to encourage students to conduct research, increases in the number of lectures, and practical training sessions on research. Associations between interest in basic sciences and other variables were examined using χ 2 tests. From among the 269 medical students (171 female) who returned the questionnaire (response rate 53.7%), 24.5% of respondents were interested in basic sciences and half of them considered basic sciences as their future career. Obstacles to this career were their original aim to become a clinician and concerns about salary. Medical students who were likely to be interested in basic sciences were fifth-and sixth-year students, were interested in research, considered basic sciences as their future career, considered faculties were making efforts to encourage medical students to conduct research, and wanted more research-related lectures. Improving physicians' salaries in basic sciences is important for securing talent. Moreover, offering continuous opportunities for medical students to experience research and encouraging advanced-year students during and after bedside learning to engage in basic sciences are important for recruiting talent. The number of physicians in basic sciences research and teaching (hereafter 'basic sciences') is decreasing to a critical level in Japan. Indeed, a crisis point in Japanese basic research has been reached because this field has chiefly been led by MD or PhD physicians (Matsuo and Iki 2005) . If there are few successors, the basic research fields in Japan may well collapse (Matsuo and Iki 2005) .
The number of physicians in basic sciences research and teaching (hereafter 'basic sciences') is decreasing to a critical level in Japan. Indeed, a crisis point in Japanese basic research has been reached because this field has chiefly been led by MD or PhD physicians (Matsuo and Iki 2005) . If there are few successors, the basic research fields in Japan may well collapse (Matsuo and Iki 2005) .
Juntendo University School of Medicine in Tokyo, where the authors are based, had delivered lectures for individual disciplines prior to 2003, but with revision of the curriculum that year, basic sciences were divided into organ-specific lectures and integrated with clinical medicine (Nagaoka 2012) . This new form of curriculum is recommended by the Japanese government (Liaison and Coordination Committee and Professional Activities Committee for the Revision of the Model Core Curriculum 2011). To date, we believe this new curriculum has been working better than the previous curriculum, yet this new core curriculum is said to be one of the causes of the physician shortage in basic science departments in Japan: faculties do not have enough time to develop students' interest in research as they are busy preparing them for computerbased testing (Itoh et al. 2009 ). In addition, revision of the residency program is also thought to be one of the factors contributing to the shortage of physicians in basic science departments because the program forces new medical school graduates into practical fields (Matsuo and Iki 2005) . After completing their residency program, many do not consider basic sciences as a career option (Matsuo and Iki 2005) . Moreover, the registered doctor system in Japan is also regarded as one of the causes of the physician shortage in basic science departments, because physicians who wish to get the special physician license have to see a specified number of patients over a specified time period (Matsuo and Iki 2005) . These physicians may not have enough time to develop an interest in or engage in basic sciences.
As a strategy to alleviate this shortage, central government has increased the quota of medical students entering basic science departments, establishing special courses in individual medical schools and offering scholarships to develop basic science physicians (Ministry of Education, Culture, Sports, Science and Technology 2012). Moreover, the government has recently decided to offer grant money to medical schools trying to develop basic science physicians (Ministry of Education, Culture, Sports, Science and Technology 2012). Responding to these national strategies, individual institutions have begun efforts to recruit new talent to basic sciences. Juntendo University has introduced a basic science seminar and some additional curriculum activities to attract students' interest in basic sciences (Nagaoka 2012) . Moreover, from 2010, the University introduced a plan for developing basic science physicians: students in years 4 to 6 of training who are interested in basic sciences and intend to enter a doctoral program in basic sciences can apply for a scholarship (Nagaoka 2012) . The University also created a voluntary organization in 2010 to develop students' interest where staff make considerable efforts to conduct lecture meetings with students, coach them in reading science articles, and teach them how to use research instruments (Nagaoka 2012) . However, these measures have had little impact thus far. Other medical schools are in a similar situation (Kitajima 2009 ).
In the United States and United Kingdom, there have been moves to develop physician scientists because medically qualified faculty is essential for providing excellent teaching programs to medical students and because understanding and/or collaboration between clinicians and researchers will help to develop more rational diagnostic techniques and therapies (Rose 1974; Panter 2011 ). In addition, some countries have investigated the role that medical students' attitude toward basic sciences plays in their interest in basic sciences, before and after the introduction of new curriculums integrating it into clinical medicine (West et al. 1982; Kaufman and Mann 1997; Custers and Cate 2002) . These researchers found that students who experienced the new curriculums had a more positive attitude toward basic sciences than students in conventional classes. In addition, a study in Saudi Arabia explored medical students' attitude toward basic science courses that were taught in the preclinical years, and the applicability of these courses to current clinical practice (Alam 2011) . In Japan, however, there has been only one study focusing on medical students' attitude toward basic sciences, and the subjects were limited to first-year students in one regional national medical school (Kitajima 2009 ). Thus, Japanese medical students' general attitude toward basic sciences is still unclear.
To help determine better ways to recruit medical students to and investigate their interest in basic sciences, we conducted a questionnaire survey of medical students of Juntendo University School of Medicine.
Subjects and Methods

Subjects
Juntendo University School of Medicine is a private medical school in central Tokyo. It is the oldest school of Western medicine in Japan, founded in 1838 as a school of Dutch medicine (Juntendo University 2012).
Among the 765 medical students (219 female) at Juntendo in 2011, first-to third-year students numbered between 100 and 123 in each year and fourth-to sixth-year students between 87 and 98 in each year. We distributed self-reporting questionnaires to 501 medical students (157 female) in years 2 to 6. First-year students were excluded from this research because they had not studied basic sciences yet and were studying at a different campus from second-to sixth-year students. Two authors of the present study were among the subjects.
Data collection
An anonymous questionnaire was distributed by hand and returned to a collection box in the registrar's office. The method of distribution differed according to the year of study: second-year students received the questionnaire from one of the authors (T.U.) after class; third-year students received it from seminar preceptors because they were attending seminars in basic sciences at that time; fourthand fifth-year students received it from T.U. on an exam day; and sixth-year students received it from T.U. in their study rooms as they had already completed their final exams and had no regular classes. Not all sixth-year students were attending university at that time.
Upon return, the completed questionnaires were immediately labeled with an identification number and then processed in a delinked anonymous manner. The study was conducted from October 2011 to March 2012. The study protocol was approved by the Institutional Review Board at Juntendo University School of Medicine. Completion of the questionnaire was taken to indicate informed consent to the anonymous reporting of results.
Contents of the questionnaire
The 7-item questionnaire, shown in the Appendix, asked for the following information: sex, year of study, interest in basic sciences, interest in research, career path as a basic science physician, faculties' efforts to encourage students to conduct research, increases in the number of lectures, and practical training sessions on research. In addition, as part of determining their interest in basic sciences, we asked respondents to write the reason for their interest.
Analysis method
Chi-square tests were conducted to examine associations between interest in basic sciences and other variables. In the analysis, year of study was divided into two subgroups of ≤ 4 years and ≥ 5 years because students over 5 years had completed bedside learning at the time of the survey. The statistical software package HALBAU (version 7.3, High quality Analysis Libraries for Business and Academic Users, Tokyo, Japan) was used for all analysis. P values less than 0.05 were considered statistically significant.
Results
The questionnaire was returned by 269 of the 501 medical students (response rate 53.7%). Demographic data for the respondents are shown in Table 1 : 63.6% (171/269) Comments made about the basic sciences were divided into 4 main points: challenging the unknown, saving more patients' lives, the basis of medicine, and interesting fields. Two main obstacles medical students gave to entering basic science departments even if they were interested in basic sciences were their aim to become a clinician from the outset (34.4%) and concerns about salary (23.4%).
Results of the χ 2 tests are shown in Table 3 . Fifth-and sixth-year medical students were more likely to be interested in basic sciences than younger ones. Medical students who were interested in research were more likely to be interested in basic sciences. Medical students who considered basic sciences as their future career were, not surprisingly, likely to be more interested in basic sciences. Medical students who considered faculties were making efforts to encourage students to conduct research were more likely to be interested in basic sciences. Lastly, medical students who wanted more lectures and practical training sessions on research were significantly more interested in basic sciences ( p < 0.05).
Discussion
Overall, 24.5% of respondents were interested (a little and very) in basic science, which is considerably lower than the rate (74%) previously reported for Japanese first-year medical students (Kitajima 2009 ). One explanation for this difference could be that the previous study was conducted on the day when Japanese scientists received a Nobel Prize and the celebratory atmosphere might have influenced the favorable result (Kitajima 2009 ). Another explanation could be that Juntendo has always placed emphasis on clinical medicine, although in recent years it has been highlighting the importance of research also (Nagaoka 2012; Ohtsuka and Shimizu 2012) . While only 24.5% of students were interested in basic sciences in the present study, those who were interested did express some fascination with basic sciences and presented their reasons for this clearly. In addition, those who were interested in basic sciences were also interested in research, which indicates the importance of providing continuous opportunities for medical students to be involved in research in order to maintain their interest in basic sciences. However, only 37% of all respondents wanted an increase in the number of researchrelated lectures provided, and it would seem therefore that increasing the number of compulsory lectures would be difficult. Instead optional courses and extracurricular activities may be appropriate. Giving residents the opportunity to conduct research is also an important consideration. Starting a doctorial course during residency should be permitted (Ohtsuka and Shimizu 2012) , in which case some additional considerations should be applied: the research period should be regarded as part of the residency program or, if residents show good performance, their doctoral course could be shortened. In addition, their research performance should qualify them to take the examination for a special physician license.
In regard to medical students' career choice, although 24.5% of respondents were interested in basic sciences, Table 2 . Appeal of basic sciences.
I can challenge the unknown I am excited to explore the unknown.
I will contribute to research that will lead to future remedies, such as regeneration medicine.
I will examine first hand what I really want to know.
Basic sciences may save more lives New findings lead to saving many lives. I will heal many patients as a result.
Basic sciences play an important role in society as a whole.
Basic sciences contribute to advances in medicine.
Basic sciences are the basis of medicine Basic sciences are the foundation when we learn about the human body and disease.
Basic sciences have a wide application to understanding all medical treatment.
Basic sciences may answer the question "what it means to be human."
Knowledge of basic sciences is important when we work as clinicians.
I realized the importance of basic sciences through bedside learning.
I have a preferred discipline Medical history is wonderful.
I felt excited because I could engage in research and experiments in the department of bacteriology as an extracurricular activity.
I want to gain a deep understanding of tumors and DNA. I want to work in anatomy.
only half of them considered them as their future career. The main obstacles in pursuing a career in basic science departments were their wish to become a clinician and their concerns about salary. With respect to salary, Juntendo University has already introduced a scholarship in basic sciences (100,000 yen per month) to relieve such anxiety (Nagaoka 2012) . It is unclear whether the students might consider this to be sufficient or they might worry about the salary difference from that of clinicians (Ross 1974) . Salary is known to be an important factor influencing medical students' choice of specialty (Patel et al. 2010; Olson et al. 2011) and, not unexpectedly, many medical students in the United States were found to choose a higher-income specialty (Patel et al. 2010) . A previous Japanese report also pointed out that concern over income was a clear career obstacle for medical students (Taniguchi and Suzuki 2007) . We intend to examine the issue of income in detail in a further study. If the income of basic science physicians is in fact much lower than that of clinicians, policy makers will need to improve their financial status. On the other hand, their desire to become a clinician may not be easily changed by any measures institutions adopt. Students' motivation to become a clinician should be respected because developing competent clinicians with basic science knowledge is also a mission of basic sciences education. In addition, if the number of clinicians who are interested in basic sciences increases, mutual collaboration between those working in basic sciences and clinical medicine will be strengthened, thereby diminishing the gap between clinical medicine and basic sciences, which in turn will contribute to learning and implementing rational diagnostic techniques and therapies (Panter 2011; Restifo and Phelan 2011) . For medical students who are interested in both basic sciences and clinical medicine, the opportunity to have a flexible career path may be helpful to them choosing the former. For instance, basic science physicians could regularly see patients and clinicians could conduct basic science research. Such a flexible approach could also help to relieve the physician shortage in basic science departments (Grande 2009; Maeda et al. 2009 ). Additionally, engaging in translational research may be a good career path for medical students who are interested in both fields. The present study found that medical students who had already completed bedside learning were more likely to be interested in basic sciences than medical students who had not yet started bedside learning. This supports the finding of a previous study that advanced medical students perceived knowledge of biochemical mechanisms to be more important and that they were more excited by faculty's teaching of basic sciences than younger medical students (Custers and Cate 2002) . Our finding also concurs with that of an Australian study focused on intensive care residents which found that the number of participants interested in basic science research increased during their training (Laurie et al. 2008) . One explanation for this result was that seeing patients, knowing about disease, and identifying the etiology may help medical students to recognize the importance of basic sciences (Ohtsuka and Shimizu 2012) . In other words, medical training and practice increasingly require a thorough knowledge of basic medical sciences (Steffes and Dulchavsky 1994) . On the contrary, the aforementioned Saudi Arabian study presented contradictory results: medical students became increasingly negative in their opinions about basic science courses as they pro- Generally gressed through training (Alam 2011) . Those Saudi Arabian students had received basic science lectures centered on individual disciplines. It would seem then from the opposite results of the present study that Juntendo's basic science lectures integrated into clinical medicine is an effective approach. In addition, to recruit and encourage students, basic science lectures during or after bedside learning may be effective. Some U.S and Canadian medical schools believe that a return to basic sciences during the final year of medical training, when students are at a more mature level of learning, is an important pedagogical approach to enable them to better integrate basic science concepts into their clinical experiences (Spencer et al. 2008) . Indeed, such schools have reported good results of these 'back to basic science' courses (Spencer et al. 2008) . Also, when faculties deliver such lectures integrated with clinical medicine, MDs will more be suited to conducting the lectures than PhD staff because MDs have clinical knowledge and understand illnesses (McCrorie 2000; Maeda et al. 2009 ). This is another reason why physicianscientists are needed in the basic sciences. We cannot ignore the fact that 62.5% of responders considered that faculties were not making efforts to encourage students' interest in research. Although faculties are busy with their routine work, they should make efforts to conduct exciting lectures. The presence of a role model is identified as a crucial factor in students' choices of research careers (Wilkerson and Abelmann 1993) . Another study also asserted that enthusiastic scientist educators who were good role models improved medical students' attitude toward basic sciences (Kaufman and Mann 1997) . It is necessary, therefore, for faculties not only to attract talent, but also to deliver education that fascinates and encourages medical students to see that basic sciences are important to solving clinical problems (McCrorie 2000; Maeda et al. 2009 ).
We previously investigated the characteristic of basic science physicians in Juntendo University (Yamazaki et al. 2012) . Responses were received from 26 out of 30 physicians in basic science departments. A comparison of our previous and present results indicate that both medical students and physicians face the same career obstacles to enter basic science departments; namely, an original aim to become a clinician and concerns about salary. There were two main differences between the medical students' opinions and physicians' opinions: faculties' efforts and increasing the number of research-related lectures. Sixty-two percent of physicians considered themselves to be making efforts to encourage students to conduct research, in contrast to only 37% students who considered that faculties were making such efforts. In addition, 67% of physicians compared to only 39% students wanted more researchrelated lectures. It appears that that fewer students might be interested in research than faculties thought or that the lectures conducted by faculties might not be sufficiently interesting or motivating for the medical students. As we suggested above, faculties should make efforts within existing lectures for medical students to highlight the importance of research and basic sciences to seeing patients.
The present study has some limitations. First, the distribution method of the questionnaires varied by year of study and therefore the response rate also varied with year of study, but this was a factor that was difficult to avoid in a practical sense. Second, the results cannot be generalized as the study involved medical students from only one medical school in Japan. Third, the overall response rate in this study was not high. There is the possibility that those who were interested in basic sciences chose to respond to this survey, although this cannot be stated definitively because the method of distributing the questionnaires varied by year of study. Non-responders were likely to be men ( p < 0.05) and second, third, and sixth-year students ( p < 0.05). However, in any mail questionnaire survey, the lowest responders are consistently young men (Maeda 2005) and therefore it cannot be interpreted that women students are more interested in basic sciences than men. We also considered anonymity to be the highest priority, which made it impossible to trace, record, or analyze non-responders. Lastly, the data was cross-sectional and therefore casual relations are subject to interpretation.
Overall, 24.5% respondents expressed an interest in basic sciences and half of them considered basic sciences as their future career. To maintain their interest, optional research-related courses and extracurricular activities may be appropriate to introduce. Improving physicians' salaries in basic sciences is important for securing talent. In addition, as fifth-and sixth-year medical students who had already completed bedside learning were more interested in basic sciences than younger students, approaching advanced medical students may be an effective way to recruit talent to basic sciences.
